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Description 
Technical Field 

[0001] The present invention relates to a method of 
making an optical fiber whose transmission loss is low- 
ered by reducing its Rayleigh scattering intensity. 

Background Art 

[0002] A drawing technique for drawing an optical fib- 
er from an optical fiber preform having a large diameter 
(e.g., 70 mm) has been coming into common use due 
to demands for cutting down the cost of optical fiber, and 
the like. In the case where an optical fiber preform hav- 
ing a large thickness is to be drawn, the space surround- 
ing its neck-down part becomes greater, whereby the 
gas flowing through this space exhibits an uneven tem- 
perature distribution. As a consequence, turbulence oc- 
curs in the gas flow in the space near the neck-down 
part, whereby the optical fiber diameter fluctuates great- 
ly. For restraining the optical fiber diameter from fluctu- 
ating, there is a case where an He gas having a high 
thermal conductivity is used as the atmosphere gas 
within the drawing furnace. 

[0003] Also known is a technique in which the drawing 
furnace is provided with a muffle tube extension (also 
called as a lower chimney) in order to isolate the optical 
fiber immediately after drawing from the outside air. 

Disclosure of the Invention 

[0004] It is an object of the present invention to pro- 
vide a method of making an optical fiber, which can 
make an optical fiber whose transmission loss is low- 
ered by reducing its Rayleigh scattering intensity even 
when the He gas having a high thermal conductivity is 
used as an atmosphere gas within the drawing furnace. 
[0005] The inventors conducted diligent studies con- 
cerning the method of making an optical fiber whose 
transmission loss is lowered by reducing its Rayleigh 
scattering intensity, and have newly found the following 
fact concerning the relationship between the Rayleigh 
scattering intensity and the cooling rate of the drawn op- 
tical fiber. 

[0006] Within glass at ahigh temperature, atoms are 
vigorously vibrating due to thermal energy, whereby its 
atomic arrangement is in a state more random than that 
of glass at a low temperature. In the case where glass 
at a high temperature is slowly cooled, atoms are cooled 
while being arranged at a randomness corresponding 
to each temperature within the temperature range 
where atoms are allowed to be rearranged, whereby the 
randomness of atoms within the glass attains a state 
corresponding to the lowest temperature (about 
1200°C) at which structural relaxation proceeds. When 
glass at a high temperature is cooled drastically, the 
atomic arrangement is fixed upon cooling before reach- 



ing an equilibrium state corresponding to each temper- 
ature, whereby a state more random than that obtained 
upon slow cooling is ootained. The Rayleigh scattering 
intensity becomes hicjner as the atomic arrangement is 

5 more random even in the same substance. In an optical 
fiber cooled at a cooling rate of about 5000 to 30000°C/ 
sec after drawing has an atomic arrangement more ran- 
dom than that of bulk glass, thereby attaining a state 
having a high virtual temperature. This is considered to 

io be a reason why the optical fiber usually attains a high 
Rayleigh scattering intensity. 

[0007] Meanwhile, the time required for structural re- 
laxation becomes longer as the temperature is lower, 
whereby no structural relaxation occurs at a tempera- 
's ture of about 1200°C, for example, unless this temper- 
ature is maintained for several tens of hours. The drawn 
optical fiber is usually cooled from about 2000°C to 
about 400°C within a fraction of a second. For lowering 
the virtual temperature in a short period of time during 
20 which the optical fiber in the process of drawing is 
cooled, so as to make it approach 1200°C, it is neces- 
sary for the drawn optical fiber to be annealed in a state 
having a temperature higher than 1200°C. 
[0008] Therefore, taking account of the optical fiber 
25 temperature and cooling rate after drawing, the inven- 
tors investigated the relationship between its Rayleigh 
scattering ratio and the cooling rate of a pure silica core 
fiber in a part where its temperature ranges from 1200 
to 1 700°C, thus being higher than the above-mentioned 
30 lowest temperature (about 1200°C) where the structural 
relaxation proceeds but not higher than 1700°C where 
the structural relaxation proceeds in a very short period 
of time. As a result, it has been seen that the relationship 
shown in Fig. 7 exists between the cooling rate and 
^5 Rayleigh scattering ratio in the part of pure silica core 
fiber where the temperature ranges from 1200 to 
1 700°C. The Rayleigh scattering intensity (I) is inversely 
proportional to wavelength (A,) to the fourth power as 
represented by the following expression (1): 



40 



0) 



where the ratio A is defined as the Rayleigh scattering 
45 ratio. 

[0009] From these results, it has been found that, 
when the cooling rate of the drawn optical fiber, a pre- 
determined segment in a part where the optical fiber has 
a temperature ranging from 1200 to 1 700°C in particu- 
lar, is slowed down, the Rayleigh scattering intensity of 
the optical fiber can be reduced, so as to lower the trans- 
mission loss. 

[0010] Also, the inventors have newly found a rela- 
tionship between the length of the lower chimney and 
the transmission loss. When the lower chimney is set 
relatively long, the optical fiber is rapidly cooled within 
the lower chimney by the He gas having a high thermal 
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conductivity, so that the Rayleigh scattering intensity of 
the optical fiber cannot be reduced, whereby the trans- 
mission loss increases. . 
room When the lower chimney is set shorter in order 
to restrain the optical fiber from being rapidly cooled 
within the lower chimney by the He gas, the optical fiber 
coming out of the lower chimney is slowly cooled by the 
outside air having a thermal conductivity lower than that 
of the He gas, so that the Rayleigh scattering intensrty 
of the optical fiber is reduced, whereby the transm.ssion 
loss is lowered. This case, however, is problematic in 
that the optical fiber comes into contact with an unstable 
flow of outside air, whereby its diameter fluctuates great- 

rO012l Meanwhile, there is commonly-assigned Jap- 
anese Patent Application Laid-Open No. HE. 6-48780 
concerning a method and apparatus for mak.ng a her- 
metic coat fiber. In the technique disclosed in Japanese 
Patent Application Laid-Open No. HEI 6-48780, an He 
qas atmosphere is attained within a drawing furnace, 
while a material gas (hydrocarbon) is decomposed with- 
in a reaction tube provided in the lower part of the draw- 
ing furnace, so as to provide a hermetic coat.ng on the 
optical fiber surface, whereas a buffer chamber is dis- 
posed between the lower part of the drawing furnace 
and the reaction tube, so as to let out the He gas from 
the buffer chamber. However, Japanese Patent Appli- 
cation Laid-Open No. HEI 6-48780 neither discloses nor 
suggests the point newly found by the inventors , i.e. the 
point that slowing down the cooling rate in a predeter- 
mined segment in a part where the optical fiber has a 
temperature ranging from 1200 to 1700°C car. reduce 
the Rayleigh scattering intensity of the optical fiber and 
lower the transmission loss thereof. 
[0013] In order to achieve the above-mentioned ob- 
ject in view of the foregoing results of studies, the meth- 
od of making an optical fiber in accordance with the 
present invention is a method of making an optical fiber 
in which an optical fiber preform is drawn upon heating, 
the method using a drawing furnace for drawing the op- 
tical fiber preform upon heating in an atmosphere com- 
prising an He gas, and using aprotectingtube, disposed 
with a predetermined gap with respect to the drawing 
furnace, having therewithin an atmosphere comprising 
a predetermined gas with a thermal conductivity lower 
than that of the He gas; wherein the gap between the 
drawing furnace and the protecting tube is a gas mixture 
layer in which the He gas and the predetermined gas 
exist in a mixed state; and wherein the drawn optical 
fiber enters the gas mixture layer at an entrance tem- 
perature within the range of 1400 to 1800°C, while the 
optical fiber drawn by the drawing furnace is fed into the 
protecting tube by way of the gas mixture layer. 
[001 4] In the method of making an optical fiber in ac- 
cordance with the present invention, a protecting tube 
is provided with a predetermined gap with respect to a 
drawingf umace, whereas this gap is a gas mixture layer 
in which a first gas having a predetermined thermal con- 



ductivity and a second gas having a predetermined ther- 
mal conductivity exist in a mixed state, whereby an at- 
mosphere comprisingthe He gas is kept within the draw- 
ing furnace. Also, an atmosphere comprising a prede- 
5 termined gas is kept within the protecting tube, whereby 
the cooling rate of the optical fiber within the protecting 
tube can be slowed down. In particular, since the drawn 
optical fiber enters the gas mixture layer at an entrance 
temperature within the range of 1400 to 1800°C the 
w cooling rate in a predetermined segment in a part where 
the optical fiber has a temperature of 1200 to 1700 C 
slows down. This lowers the virtual temperature of the 
optical fiber, so as to reduce the randomness in atomic 
arrangement, whereby it becomes possible to make an 
is optical fiber whose transmission loss is lowered by re- 
ducing its Rayleigh scattering intensity in a very short 
period of time from the drawing upon heating to the resin 
coating. 

[0015] Also, the existence of the gas mixture layer be- 
so tween the protecting tube and the drawing furnace can 
restrain the dust occurring within the drawing furnace 
from entering the protecting tube. Further, since the gas 
mixture layer exists, the turbulence of outside air flow 
between the drawing furnace and the protecting tube 
25 becomes less influential, whereby the occurrence of the 
fluctuation in optical fiber diameter or the deterioration 
in bending of the optical fiber can be suppressed. 
[0016] The present invention may be characterized in 
that a barrier for separating the gas mixture layer from 
30 the outside air is provided, the barrier is formed with a 
qas outlet for letting out at least the He gas, and at least 
the He gas is let out from the gas outletto the outs.de air 
[0017] Providing the barrier makes the turbulence of 
outside air flow further less influential, whereby the oc- 
as currence of the fluctuation in optical fiber diameter or 
the deterioration in bending of the optical fiber can fur- 
ther be suppressed. Letting out at least the He gas from 
the gas outlet formed in the barrier to the outs.de air 
makes it possible to switch between the He gas atmos- 
40 phere within the drawing furnace and the predetermined 
gas atmosphere within the protecting tube efficiently 
and reliably. 

[0018] The present invention may also be character- 
ized in that the barrier is formed with a gas inlet for in- 
45 troducing the predetermined gas, and the predeter- 
mined gas is introduced inside the barrier from the gas 

[0019] When the predetermined gas is introduced in- 
side the barrier by way of the gas inlet formed in the 
so barrier, the He gas is actively let out from the gas outlet, 
whereby the dust occurring within the drawing furnace 
can further be restrained from entering the protecting 
tube. 
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Brief Description of the Drawings 
[0020] 

Fig. 1 is a schematic explanatory view showing a 
first embodiment of the method of making an optical 
fiber in accordance with the present invention; 
Fig. 2 is a schematic explanatory view showing a 
second embodiment of the method of making an op- 
tical fiber in accordance with the present invention; 
Fig. 3 is a schematic explanatory view showing a 
third embodiment of the method of making an opti- 
cal fiber in accordance with the present invention; 
Fig. 4 is a table showing Examples based on the 
method of making an optical fiber in accordance 
with the present invention and Comparative Exam- 
ples; 

Fig. 5 is a schematic explanatory view showing a 
method of making an optical fiber in accordance 
with a Comparative Example; 
Fig. 6 is a schematic explanatory view showing a 
method of making an optical fiber in accordance 
with a Comparative Example; and 
Fig. 7 is a graph showing the relationship between 
the cooling rate and Rayleigh scattering coefficient 
of an optical fiber preform. 

Best Modes for Carrying Out the Invention 

[0021] Embodiments of the present invention will be 
explained with reference to the drawings. In the expla- 
nation of the drawings, constituents identical to each 
other will be referred to with numerals identical to each 
other without repeating their overlapping descriptions. 

First Embodiment 

[0022] To begin with, a first embodiment of the method 
of making an optical fiber in accordance with the present 
invention and the drawing apparatus used in this meth- 
od will be explained with reference to Fig. 1 . 
[0023] This drawing apparatus 1 is a drawing appara- 
tus for silica type optical fibers ; and comprises a drawing 
furnace 11 , a protecting tube 21 , and a resin curing unit 
31 . The drawing furnace 1 1 , protecting tube 21 , and res- 
in curing unit 31 are disposed in this order in the drawing 
direction of an optical fiber preform 2 (from the upper 
side to the lower side in Fig. 1 ). The optical fiber preform 

2 held by a preform supply apparatus (not depicted) is 
supplied to the drawing furnace 1 1 , the lower end of the 
optical fiber preform 2 is heated and softened by a heat- 
er 1 2 within the drawing furnace 1 1 , and an optical fiber 

3 is drawn. An He gas supply path 15 from an He gas 
supply unit 14 is connected to a muffle tube 13 of the 
drawing furnace 11 , whereby the muffle tube 13 within 
the drawing furnace 1 1 attains an atmosphere constitut- 
ed by an He gas. The optical fiber 3 drawn upon heating 
is cooled by the He gas within the muffle tube 1 3. There- 



after, the optical fiber 3 passes through a muffle tube 
extension 16. The He gas has a thermal conductivity X 
(T = 300 K) of 1 50 mW/(m-K) . 

[0024] The protecting tube 2 1 is disposed with a pre- 
5 determined gap L1 with respect to the muffle tube ex- 
tension 1 6. The end part of the protecting tube 21 on the 
drawing furnace 1 1 side is formed with a plurality of out- 
let ducts 22 for letting out the He gas flowing from within 
the drawing furnace 1 1 and the dust occurring within the 
"> drawing furnace 1 1 . The protecting tube 21 is configured 
such that it communicates with the outside air and at- 
tains therewithin an atmosphere constituted by the air. 
The air has a thermal conductivity X (T = 300 K) of 26 
mW/(m.K) f which is lower than that of the He gas. Here, 
™ as a predetermined gas having a thermal conductivity 
lower than that of the He gas, a gas having a relatively 
large molecular weight such as N 2 or Ar can be used in 
place of the air. When a gas such as N 2 or Ar is used, 
the gas supply unit as a source for the second gas is 
20 configured so as to connect with the protecting tube 21 
by way of a gas supply path. It is not always necessary 
to form the outlet ducts 22. Unlike the reaction tube dis- 
closed, in Japanese Patent Application Laid-Open No. 
HE! 6-48780, the protecting tube 21 is not used forear- 
ms rying out hermetic coating, and thus is not configured 
such that a material gas such as hydrocarbon is sup- 
plied thereto. The arrows depicted within the protecting 
tube 21 show upward flows occurring due to the fact that 
the protecting tube 21 is warmed up by the optical fiber 
30 3. 

[0025] Within the protecting tube 21 , the optical fiber 
3 is cooled with the air. Therefore, the cooling in the pro- 
tecting tube 21 is carried out such that, in the part of 
drawn optical fiber 3 attaining a temperature of 1200 to 
35 1700°C, a segment where the optical fiber 3 yields a 
temperature difference of at least 50°C, e.g., the portion 
where the optical fiber 3 attains a temperature of 1500 
to 1 700°C (a segment yielding a temperature difference 
of 200°C), is cooled at a cooling rate (of about 4000 to 
40 6000°C/sec) slower than the cooling rate (of about 
20000 to 30000°C/sec) in the He gas. 
[0026] The installing position of the protecting tube 21 
and its total length in the drawing direction of the optical 
fiber preform 2 (vertical direction in Fig. 1 ) are set in view 
45 of the drawing rate such that the above-mentioned seg- 
ment where the optical fiber 3 yields a temperature dif- 
ference of at least 50°C in the portion where the optical 
fiber 3 attains a temperature of 1200 to 1700°C is posi- 
tioned in the protecting tube 21 so as to be cooled. Here, 
so ft is necessary to take account of the drawing rate be- 
cause of the fact that the position at which the optical 
fiber 3 attains the same temperature shifts downward 
as the drawing rate is higher. 

[0027] A buffer chamber 41 is disposed between the 
55 muffle tube extension 1 6 and the protecting tube 21 . The 
length of the buffer chamber 41 in the drawing direction 
of the optical fiber 3 is substantially L1 as shown in Fig 
1 . A slight gap (e.g., about 1 to 1 .5 cm) exists between 
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the muffle tube extension 1 6 and the buffer chambe 41 
so that the muffle tube extension 16 and the buffe 
chamber 41 are not directly connected to each other, t 
is not always necessary to form a gap between the muf- 
fle tube extension 16 and the buffer chamber 41 The 
muffle tube extension 1 6 and the buffer chamber 41 may 
be configured so as to come into close contact with each 
other. It is sufficient for the gap between the muffle tube 
extension 1 6 and the buffer chamber 41 to have such a 
length that the outside air is prevented from entering the 
muffle tube extension 16 and the buffer chamber 41 1. 
[00281 The buffer chamber 41 is constituted by a first 
buffer cell 42 and a second buffer cell 45. In the space 
within the buffer chamber 41 (the first buffer cell 42 and 
the second buffer cell 45), the He gas, which is the a - 
mosphere gas within the drawing furnace 11 (the muffle 
tube 1 3) and the air, which is the atmosphere gas within 
the protecting tube 21 , exist in a mixed state. 
[00291 The first buffer cell 42 has a barrier 43 for sep- 
arating the inner space, through which the optical fiber 
3 passes, from the outside air. The barrier 43 is formed 
with a plurality of outlet holes 44 for letting out the He 
gas flowing from within the drawing furnace 11 and the 
dust occurring within the drawing furnace 11 . The sec- 
ond buffer cell 45 has a barrier 46 for separating the in- 
ner space, through which the optical fiber 3 passes, from 
the outside air. The barrier 46 is formed with a plurality 
of outlet ducts 47 for letting out the He gas flowing from 
within the drawing furnace 11 and the dust occurring 
within the drawing furnace 11. 

[00301 The first buffer cell 42 and the second buffer 
cell 45 are partitioned with a partition wall 48. The par- 
tition wall 48 is formed with an optical fiber passage hole 
49 through which the optical fiber 3 passes. The inner 
diameter of the optical fiber passage hole 49 s set to 
about 4 to 5 mm. The optical fiber passage hole 49 re- 
strains the He gas and the dust occurring | within the 
drawingfurnace 11 from entering the ^cond buffer ceH 
45 from the first buffer cell 42. The second buffer eel 45 
and the protecting tube 21 are partitioned with a partition 
wall 50. The partition wall 50 is formed with an optical 
fiber passage hole 51 through which the optical fiber 3 
passes. As with the optical fiber passage hole 49, the 
optical fiber passage hole 51 has an inner diameter set 
to about 4 to 5 mm. The optical fiber passage hole 51 
restrains the He gas and the dust occurring within the 
drawing furnace 11 from entering the protecting tube 21 
from the second buffer cell 45. The configuration may 
also be such that an N 2 gas or the like is supplied from 
the outlet ducts 47 or 22 so as to actively let out the He 
gas flowing from within the drawing furnace 11 and the 
dust occurring within the drawing furnace 11 . Here, a 
plurality of outlet ducts 22, 47 are provided, so as to sep- 
arately act as ducts for supplying the N 2 gas or the like, 
and ducts for letting out thus supplied N 2 gas or the like 
and the He gas or the like flowing from within the drawing 

furnace 11 „. ., h . 

[0031 ] The optical fiber 3 coming out of the muffle tuoe 



extension 16 successively enters the buffer chamber 41 
(the first buffer cell 42 and second buffer cell 45) and, 
while in a state restrained by the buffer chamber 41 (the 
first buffer cell 42 and second buffer cell 45) from coming 
5 into contact with the outside air, enters the protecting 
tube 21 The entrance temperature at which the optical 
fiber 3 enters the buffer chamber 41 (the first buffer cell 
42) is set to a temperature within the range of 1400 to 
1800°C such that a segment where the optical fiber 3 
w yields a temperature difference of at least 50°C in the 
part of optical fiber 3 attaining a temperature of 1 200 to 
1700°C is cooled within the protecting tube 21 In par- 
ticular it is desirable that the entrance temperature at 
which'the optical fiber 3 enters the buffer chamber 41 
15 (the first buffer cell 42) be set to a temperature w.thm 
he ranqe of 1600 to 1B00°C. When the entrance tem- 
perature falls within the range of 1600 to 1800'C as 
such cooling with a slowed cooling rate can be carried 
out from the state where the temperature is relatively 
20 high, whereby it is possible to make the optical fiber 3 
whose transmission loss is further lowered by reducing 
its Rayleigh scattering intensity. In the case of defining 
the entrance temperature at which the optical fibers en- 
ters the protecting tube 21, it is desirable that the en- 
25 trance temperature to the protecting tube 21 be set to a 
temperature within the range of 1500 to 1 800"C. 
[0032] The outer diameter of the optical fiber 3 coming 
out of the protecting tube 21 is measured online by an 
outer diameter meter 61 . Thus measured value is fed 
30 back to a drive motor (not depicted) for driving a device 
(not depicted) for taking up the optical fiber to rotate, 
whereby the outer diameter is controlled so as to attain 
a constant outer diameter. Thereafter, a coating die 62 
coats the optical fiber 3 with a UV resin 63 and a UV 
35 lamp 32 in the resin curing unit 31 cures the UV resin 
63 whereby a coated optical fiber 4 is obtained. By way 
of a guide roller 64, the coated optical fiber 4 is taken 
up by a drum. In place of the UV resin 63, a thermoset- 
ting resin may be used so as to be cured by a heating 
40 furnace. 



Second Embodiment 

[00331 With reference to Fig. 2, a second embodiment 
4 5 of the method of making an optteal fiber In accordance 
with the present invention and the drawing apparatus 
used for this method will now be explained. The second 
embodiment differs from the first embodiment in the 
structure of the buffer chamber. 
50 [0034] In this drawing apparatus 1 01 , a buffer cham- 
ber 141 is disposed between the muffle tube extension 
16 and the protecting tube 21 . The buffer chamber 141 
has a length of L3 in the drawing direction of the optical 
fiber 3 as shown in Fig. 2. In the space within the buffer 
55 chamber 1 41 , the He gas, which is an atmosphere gas 
within the drawing furnace 11 (the muffle tube 13), and 
the air which is an atmosphere gas within the protecting 
tube 21 , exist in a mixed state. It is not always necessary 
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to provide the outlet ducts 22. 

[0035] The buffer chamber 1 41 has a barrier 1 42 for 
separating the inner space, through which the optical 
fiber 3 passes, from the outside air. The barrier 142 is 
formed with an inlet duct 1 43 for introducing an N 2 gas 5 
into the buffer chamber 141. The N 2 gas is fed to the 
inlet duct 143 from an N 2 gas supply unit 151 by way of 
an N 2 gas supply path 152. The barrier 142 is also 
formed with an outlet duct 1 44 for letting out the He gas 
flowing from within the drawing furnace 1 1 and the dust w 
occurring within the drawing furnace 11. The buffer 
chamber 141 andthe protecting tube 121 are partitioned 
with a partition wall 145.The partition wall 1 45 is formed 
with an optical fiber passage hole 1 46 through which the 
optical fiber 3 passes. The optical fiber passage hole is 
1 46 is set so as to have an inner diameter of about 4 to 
5 mm. The predetermined gas introduced into the buffer 
chamber 141 is not limited to the N 2 gas, whereby the 
air and the like may also be employed. Amajor pari of 
the gas introduced into the buffer chamber 1 41 is let out 20 
from the outlet duct 144. Here, the N 2 gas or the like is 
not introduced for filling the protecting tube 21 with the 
N 2 gas or the like, but for preventing the He gas or the 
like from flowing into the protecting tube 21 . 

_ 25 

Third Embodiment 



[0036] With reference to Fig. 3, a third embodiment of 
the method of making an optical fiber in accordance with 
the present invention and the drawing apparatus used so 
for this method will now be explained. The third embod- 
iment differs from the first and second embodiments in 
the structure of the buffer chamber 
[0037] In this drawing apparatus 201 , a buffer cham- 
ber 241 is disposed between the muffle tube extension 35 
1 6 and the protecting tube 21 . The buffer chamber 241 
has a length of L4 in the drawing direction of the optical 
fiber 3 as shown in Rg. 3. 

[0038] A slight gap (e.g. , about 1 to 1 .5 cm) exists be- 
tween the muffle tube extension 16 and the buffer cham- 40 
ber 241 , whereby the muffle tube extension 16 and the 
buffer chamber 241 are not directly connected to each 
other. It is not always necessary to provide a gap be- 
tween the muffle tube extension 1 6 and the buffer cham- 
ber 241 . They may also be configured so as to come 45 
into close contact with each other. It is sufficient for the 
gap between the muffle tube extension 1 6 and the buffer 
chamber 241 to have such a length that the outside air 
can be prevented from entering the muffle tube exten- 
sion 1 6 andthe buffer chamber 241 . The He gas flowing so 
from within the drawing furnace 11 and the dust occur- 
ring within the drawing furnace 1 1 are mainly let out from 
the gap between the muffle tube extension 16 and the 
buffer chamber 241. 

[0039] The buffer chamber 241 is constituted by a first 55 
buffer cell 242 and a second buffer cell 245. In the space 
within the first buffer cell 242, the He gas, which is an 
atmosphere gas within the drawing furnace 1 1 (the muf- 



fle tube 1 3), and the air or N 2 gas supplied to the second 
buffer cell 245 generally exist in a mixed state. The air, 
which is an atmosphere gas within the protecting tube 
21 , may exist in the space within the first buffer cell 242 
The supplied air or N 2 gas and the air, which is an at- 
mosphere gas within the protecting tube 21, generally 
exist in a mixed state in the space within the second buff- 
er cell 245. 

[0040] The first buffer cell 242 has a barrier 243 for 
separating the inner space, through which the optical 
fiber 3 passes, from the outside air. The barrier 243 is 
formed with a plurality of outlet holes 244 for letting out 
the He gas flowing from within the drawing furnace 11 
and the dust occurring within the drawing furnace 11 , or 
the air or N 2 gas supplied to the second buffer cell 245. 
[0041] The second buffer cell 245 has a barrier 246 
for separating the inner space, through which the optica! 
fiber 3 passes, from the outside air. The barrier 246 is 
formed with an inlet duct 247 for introducing the air or 
N 2 gas into the second buffer cell 245. The air or N 2 gas 
is fed to the inlet duct 247 from a gas supply unit 261 by 
way of a gas supply path 262. The barrier 246 is also 
formed with an outlet duct 248 for letting out the supplied 
air or N 2 gas. 

[0042] The first buffer cell 242 and the second buffer 
cell 245 are partitioned with a partition wall 249. The par- 
tition wall 249 is formed with an optical fiber passage 
hole 250 through which the optical fiber 3 passes The 
optical fiber passage hole 250 has an inner diameter set 
to about 4 to 5 mm. The optical fiber passage hole 250 
restrains the He gas and the dust occurring in the draw- 
ing furnace 11 from entering the second buffer cell 245 
from the first buffer cell 242. 

[0043] The buffer chamber 241 (second buffer cell 
245) and the protecting tube 21 are partitioned with a 
partition wall 251 . The partition wall 251 is formed with 
an optical fiber passage hole 254 through which the op- 
tical fiber 3 passes. The optical fiber passage hole 254 
has an inner diameter set to about 4 to 5 mm. A major 
part of the gas introduced into the second buffer cell 245 
is let out from the outlet duct 144. Here, the N 2 gas or 
the like is not introduced for filling the protecting tube 21 
with the N 2 gas or the like, but for preventing the He gas 
or the like from flowing into the protecting tube 21 . 
[0044] When the amount of the air or N 2 gas intro- 
duced into the second buffer cell 245 from the gas sup- 
ply unit 261 by way of the gas supply path 262 and inlet 
duct 247 is large, the air or N 2 gas introduced in the sec- 
ond buffer cell 245 flows into the protecting tube 21 by 
way of the optical fiber passage hole 254 in the partition 
wall 251 . As a consequence, a downward flow (in the 
drawing direction) occurs within the protecting tube 21 
When the amount of the air or N 2 gas introduced into 
the second buffer cell 245 from the gas supply unit 261 
by way of the gas supply path 262 and inlet duct 247 is 
small, an upward flow (opposing the drawing direction) 
occurs within the protecting tube 21 . 
[0045] Results of experiments carried out while using 
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the above-mentioned drawing apparatus 1 , 201 will now 
be explained with reference to Fig. 4. Common condi- 
tions in these experiments are as follows. Employed as 
an optical fiber preform 2 to be drawn was one having 
an outer diameter of 70 mm and comprising a core por- 
tion made of pure silica glass and a cladding portion 
made of fluorine-doped glass. From this opt.cal fiber 
preform 2, an optical fiber 3 having an outer diameter of 
1 25 urn was drawn . The temperature of the drawing fur- 
nace was set to about 2000°C in terms of the surface 
temperature at the inner peripheral face of the muffle 
tube (the surface facing the surface of the optical fiber 
preform 2 or optical fiber 3). 

[0046] Examples 1 to 3 are examples based on the 
methods of making an optical fiber in accordance with 
the above-mentioned first to third embodiments, where- 
as Comparative Examples 1 to 4 are comparative ex- 
amples carried out for comparison with the examples 
based on the methods of making an optical fiber in ac- 
cordance with the above-mentioned first to third embod- 
iments. 

Example 1 



[0047] Using the drawing apparatus 1 in the first em- 
bodiment, the optical fiber 3 was drawn at a drawing rate 
of 400 rn/min. The protecting tube 21 was set so as to 
have an inner peripheral diameter of 30 mm and a total 
length of 1 000 mm. The length L1 of the buffer chamber 
41 in the drawing direction of the optical f iber 3 was 1 00 
mm whereas the length L2 of the muffle tube extension 
1 6 in the drawing direction of the optical fiber 3 was 50 
mm The temperature (entrance temperature) of the op- 
tical fiber immediately before it entered the buffer cham- 
ber 41 was presumed to be 1 800°C in terms of the sur- 
face temperature of the optical fiber, whereas the tem- 
perature (entrance temperature) of the optical fiber im- 
mediately before it entered the protecting tube 21 was 
presumed to be 1 650°C in terms of the surface temper- 
ature of the optical fiber. In the protecting tube 21 , the 
part of drawn optical fiber 3 yielding a temperature rang- 
ing from 1 650 to 1 000°C was considered to be cooled 
at a rate of about 4300°C/sec on average in a segment 
of 1000 m, which was the total length of the protecting 
tube 21 . The He gas concentration was 1 00% within the 
muffle tube extension 16, gradually decreased in the 
buffer chamber 41 (where the He gas concentration was 
0 to 100%), and was 0% (the air concentration was 
100%) within the protecting tube 21 . 
[0048] The transmission loss (transmission loss with 
respect to light having a wavelength of 1 .55 u.m) of the 
drawn optical fiber was measured and found to be 0.170 
dB/km, whereas the RayJeigh scattering ratio deter- 
mined from data used for measuring a wavelength char- 
acteristic of the transmission loss was 0.85 dBu,m 4 /km. 
The outer diameter of the drawn optical fiber was meas- 
ured and found to be 1 2S±0.1 5 urn, whereby the fluctu- 
ation in optical fiber diameter was ±0.1 5 urn. On the oth- 



er hand, "fiber curl abnormality ratio" was 0%. Here, the 
radius of curvature of the optical fiber was measured at 
different positions thereof, parts yielding a radius of cur- 
vature not smaller than a predetermined value (4.2 m in 
5 this Example) were considered defective, and the ratio 
of the number of positions where defects were detected 
to the number n of the measured positions (n = 1 0 in this 
Example) was represented in terms of percentage as 
"fiber curl abnormality ratio." 

10 

Example 2 

[0049] Using the drawing apparatus 1 01 in the second 
embodiment, the optical fiber 3 was drawn at a drawing 
15 rate of 400 m/min. The protecting tube 21 was set so as 
to have an inner peripheral diameter of 30 mm and a 
total length of 1000 mm. The length L3 of the buffer 
chamber 1 41 in the drawing direction of the optical fiber 
3 was 50 mm, and the length L2 of the muffle tube ex- 
20 tension 1 6 in the drawing direction of the optical fiber 3 
was also 50 mm. The temperature (entrance tempera- 
ture) of the optical fiber immediately before it entered 
the buffer chamber 141 was presumed to be 1 800°C in 
terms of the surface temperature of the optical fiber, 
25 whereas the temperature (entrance temperatu re) of the 
optical fiber immediately before it entered the protecting 
tube 2 1 was presumed to be 1 650°C in terms of the sur- 
face temperature of the optical fiber. In the protecting 
tube 21 the part of drawn optical fiber 3 yielding a tem- 
30 perature ranging from 1720 to 1050°C was considered 
to be cooled at a rate of about 4460°C/sec on average 
in a segment of 1000 m, which was the total length of 
the protecting tube 21 . The He gas concentration was 
100% within the muffle tube extension 1 6, and was 0% 
35 within the protecting tube 21 (having an atmosphere of 
air or N 2 atmosphere) 

[0050] The transmission loss (transmission loss with 
respect to light having a wavelength of 1 .55 u,m) of the 
drawn optical fiber was measured and found to be 0 . 1 70 
40 dB/km, whereas the Rayleigh scattering ratio deter- 
mined from data used for measuring a wavelength char- 
acteristic of the transmission loss was 0.85 dBu,rrrVkm. 
The outer diameter of the drawn optical fiber was meas- 
ured and found to be 125±0.15um, whereby the fluctu- 
45 ation in optical fiber diameter was ±0.1 5 ujtl On the oth- 
er hand, "bending abnormality ratio" was 0%. 



Example 3 

so [0051] Using the drawing apparatus 201 in the third 
embodiment, the optical fiber 3 was drawn at a drawing 
rate of 400 m/min. The protecting tube 21 was set so as 
to have an inner peripheral diameter of 30 mm and a 
total length of 1000 mm. The length L4 of the buffer 

55 chamber 241 in the drawing direction of the optical fiber 
3 was 50 mm, and the length L2 of the muffle tube ex- 
tension 16 in the drawing direction of the optical fiber 3 
was also 50 mm. Using the gas supply unit 261 and the 
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gas supply path 262, the N 2 gas was supplied from the 
inlet duct 247 to the second buffer cell 245 by 3 l/min. 
The temperature (entrance temperature) of the optica! 
fiber immediately before it entered the buffer chamber 
241 was presumed to be 1800°C in terms of the surface s 
temperature of the optical fiber, whereas the tempera- 
ture (entrance temperature) of the optical fiber immedi- 
ately before it entered the protecting tube 21 was pre- 
sumed to be 1 720°C in terms of the surface temperature 
of the optical fiber. In the protecting tube 21 , the part of w 
drawn optical fiber 3 yielding a temperature ranging from 
1 720 to 1 050°C was considered to be cooled at a rate 
of about 4460°C/sec on average in a segment of 1000 
m. which was the total length of the protecting tube 21 . 
The He gas concentration was 100% within the muffle is 
tube extension 16, and was 0% within the protecting 
tube 21 (having an atmosphere of air or N 2 atmosphere). 
[0052] The transmission loss (transmission loss with 
respect lo light having a wavelength of 1 .55 u.m) of the 
drawn optical fiber was measured and found to be 0. 1 70 20 
dB/km ? whereas the Rayleigh scattering ratio deter- 
mined from data used for measuring a wavelength char- 
acteristic of the transmission loss was 0.85 dBu.m 4 /km. 
The outer diameter of the drawn optical fiber was meas- 
ured and found to be 125±0.15u,m, whereby the fluctu- 25 
ation in optical fiber diameter was ±0.15 u,m. On the oth- 
er hand, "bending abnormality ratio" was 0%. 



respect to light having a wavelength of 1 .55 urn) of the 
drawn optical fiber was measured and found to be 0.1 75 
dB/km, whereas the Rayleigh scattering ratio deter- 
mined from data used for measuring a wavelength char- 
acteristic of the transmission loss was 0.87 dBu.m 4 /km. 
The outer diameter of the drawn optical fiber was meas- 
ured and found to be 125±0.15 u.m : whereby the fluctu- 
ation in optical fiber diameter was ±0. 1 5 \xm . On the oth- 
er hand, "bending abnormality ratio" was 0%. 

Comparative Example 3 

[0057] An optical fiber was drawn in a configuration 
without the protecting tube 21 . The length L2 of the muf- 
fle tube extension 1 6 in the drawing direction of the op- 
tical fiber 3 was 50 cm. The other experimental condi- 
tions were identical to those in Example 1 . 
[0058] The transmission loss (transmission loss with 
respect to light having a wavelength of 1 .55 u.m) of the 
drawn optical fiber was measured and found to be 0.1 70 
dB/km, whereas the Rayleigh scattering ratio deter- 
mined from data used for measuring a wavelength char- 
acteristic of the transmission loss was 0.85 dBurrrVkm. 
The outer diameter of the drawn optical fiber was meas- 
ured and found to be 1 25±1 um , whereby the fluctuation 
in optical fiber diameter was +1 u,m. On the other hand, 
"bending abnormality ratio" was 30%. 



Comparative Example 1 

[0053] As shown in Fig. 5, an optical fiber was drawn 
in a configuration with the buffer chambers 41 , 141 , 241 
being removed. The distance L5 between the muffle 
tube extension 16 and the protecting tube 21 was 50 
mm, and the length L2 of the muffle tube extension 16 
in the drawing direction of the optical fiber 3 was also 
50 mm. The other experimental conditions were identi- 
cal to those in Example 1 . 

[0054] The transmission loss (transmission loss with 
respect to light having a wavelength of 1 .55 urn) of the 
drawn optical fiber was measured and found to be 0. 1 72 
dB/km, whereas the Rayleigh scattering ratio deter- 
mined from data used for measuring a wavelength char- 
acteristic of the transmission loss was 0.86 dBu,m 4 /km. 
The outer diameter of the drawn optical fiber was meas- 
ured and found to be 125±0.4 u,m, whereby the fluctua- 
tion in optical fiber diameter was ±0.4 urn. On the other 
hand, "bending abnormality ratio" was 20%. 

Comparative Example 2 

[0055] As shown in Fig. 6, an optical fiber was drawn 
in a configuration with the protecting tube 21 being re- 
moved. The length L6 of the muffle tube extension 16 in 
the drawing direction of the optical fiber 3 was 0.5 m. 
The other experimental conditions were identical to 
those in Example 1 . 

[0056] The transmission loss (transmission loss with 



30 



Comparative Example 4 



[0059] An optical fiber was drawn while only the set- 
ting concerning the drawing rate was changed in the ex- 
perimental conditions of Example 1 . The drawing rate 
was set to 100 m/min. The temperature (entrance tern- 
35 perature) of the optical fiber immediately before it en- 
tered the buffer chamber 41 was presumed to be 
1300°C in terms of the surface temperature of the opti- 
cal fiber, whereas the temperature (entrance tempera- 
ture) of the optical fiber immediately before it entered 
40 the protecting tube 21 was presumed to be 1000°C in 
terms of the surface temperature of the optical fiber. 
[0060] The transmission loss (transmission loss with 
respect to light having a wavelength of 1 .55 urn) of the 
drawn optical fiber was measured and found to be 0.1 75 
45 dB/km, whereas the Rayleigh scattering ratio deter- 
mined from data used for measuring a wavelength char- 
acteristic of the transmission loss was 0.87 dBujrrVkrn. 
The outer diameter of the drawn optical fiber was meas- 
ured and found to be 125±0.15um, whereby the fluctu- 
so ation in optical fiber diameter was ±0. 1 5 \xm. On the oth- 
er hand, "bending abnormality ratio" was 0%. 
[0061] In Examples 1 to 3, as mentioned in the fore- 
going, the Rayleigh scattering ratio was 0.85 dBu.rm7km, 
and the transmission loss with respect to light having a 
55 wavelength of 1 .55 u.m was 0. 1 70 dB/km, whereby the 
transmission loss was lowered by reducing the Rayleigh 
scattering ratio as compared with Comparative Example 
2 yielding a Rayleigh scattering loss of 0.87 dBu.m 4 /km 
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and a transmission loss of 0.175 dB/km with . respecr to 
light having a wavelength of 1 .55 ^m, in wh,ch the muffle 
tube extension 1 6 was made longer. 
100621 Also Examples 1 to 3 yielded an optica, fiber 
diameterSuation of ±0.15 um and a "bending abnor- 
S rat S of 0%, thus being able to suppress the oc- 
cur ence of optical fiber diameter fluctuates and the 
deterioration in the bending of optica, fiber as compared 
1 Comparative Example 1 yielding an optical fiber d 
ameterfluctuationof±0.4^manda«bendmgabnorma- 

Z ratio" of 20%, in which the drawing was earned out 
with he buffer chambers 41 , 141 , 241 being removed 
wSe the gap L5 was formed between the draw.ng fur- 
nace 1 and the protecting tube 21 , and Compare ive 
Sarn ie 3 yielding an optica, fiber diameter fluctuation 
of ±1 am and a "bending abnormality ratio of 30 
which the protecting tube 21 was removed. 
m063l On the other hand, Comparative Example 4 
Sd a Ray.eigh scattering ratio of 0.85 dBum</km 
and a transmLion loss of 0.175 dB/km with respect to 
St haling a wavelength of 1 .55 um, whereby its trans- 
SsSTn oss was higher than that in Example 1 in which 
drawing rate was 400 m/min. This .s cons.dered to 
LebeTause'ofthefactthat the optica. ^Swasraprtly 
cooled with the He gas before leaving the muffle tube 
extension 16 since the drawing rate was slow, i.e., 100 
m/min in Comparative Example 4. 
mS Thus as can be seen from the above-men- 
ioned results of experiments, since the Protecting tube 
21 is provided with a predetermined gap wrth respect to 
the muffle tube extension 16 whereas the gap between 
"he Proving tube 21 and the drawing furnace 1 1 .s a 
gas mixture layer (buffer chambers 41, 141 241) in 
which the He gas and the air exist in a m.xed state, an 
^sphere constituted by the He gas is kept within the 
draw ng furnace 11 while the He gas and the lair ex,st , 
a mixed state within the buffer chambers 41 , 141 241 
fnThe method of making an optica, fiber in accordance 
with thTs embodiment. The atmosphere constituted by 
The air is maintained within the protecting tube 21 
whereby the coding rate of the optical f iber within the 
orotSng tube 21 can be slowed down. Also, since the 
SSe temperature at which the drawn optica, fiber 3 
en era the gas mixture layer is set to a temperature w th- 
fn ranae of 1400 to 1800°C, the cooling rate of the 
' paTof opCVber 3 yie.ding a temperature of 1200 to 
?700»C is s.owed down in a predetermined segment 
thereof As a result, the structural relaxation of the opti- 
caTfSr 3 proceeds in a short period of time, so that the 
randomness in atomic arrangement is lowered where- 
by th optica, fiber 3 whose transmission loss K.owered 
by reducing its Ray.eigh scattering .ntensrfy can be 
made in a very short period of time from the draw ng 
™t neating* the resin coating. For Turther l =9 
the transmission loss by reducing the Ray1e,gh scatty 
ino intensity, the entrance temperature at which the 
drawn optical fiber3 enters the gas mixture .ayens pref- 
erably set within the range of 1600 to 1800°C. 



[0065] Since the gas mixture .ayer exists between , the 
protecting tube 21 and the drawing furnace 
occurring within the drawing furnace 11 can be re 
Gained from entering the protecting tube 21 , and the 
s turbulence of outside air flow between the drawing fur- 
nice ?1 and the protecting tube 21 becomes .ess influ- 
ential whereby the occurrence of the fluctuation in op- 
Siber diameter or the deterioration in bend.ng of the 
optical fiber can be suppressed^ 
10 ro066] Since the buffer chambers 41 , 141 , 241 have 
Kl barriers 43 46 142, 243, 246, the influence of the 
air flow can be suppressed more 
e iabfy whereby the occurrence of the fluctuation ,n op- 
S fiber diamJer or the deterioration in bending of the 

he drawing furnace 1 1 are let out to the outside ,air from 
"he ouTet ho.es 44 formed in the barrier 43 the outlet 
ducts 47 formed in the barrier 46, the outlet duels 22 
2 o formed in the protecting tube 21, the out.e. M :X 44 
Led in the barrier 142, the out.et ho.es 244 fo med 
inthebarrier243,orthe.ike,theatmosphe^ 
bv the He gas within the drawing furnace 11 and the at 
mosphere'eonstituted by the air within the. pro ecting 
25 tube 21 oan be switched therebetween efficiently and 

i£q since the barrier 142 ,or Separ 1 n Ct e h e S 

chamber 141 from the outside air is formed with the inlet 
duct 143 for introducing the N 2 gas fed from he N gas 
so S upplyunit15l by way of the N 2 gas supply path 152, s 
formed so as to introduce the N 2 gas into the buffer 
chTmber 141 from the inlet duct 1 43, the He gas flowing 
tSSL the drawing furnace 11 and the dust occur- 
ng within the drawing furnace 11 are act we.y tet out 
35 from the outlet duct 144 formed in the barrier 142 
whTreby the dust occurring within the draw.ng furnace 
Tlcln furtherbe restrained from entering the protect.ng 

!£q' Since the t»amer246forseparatingtheseconc 1 

duct 247 for introducing the a.r or N 2 gas fed from , the 
gas supply unit 261 by way of the gas supply path 262 
5rastointroducetheairorN 2 gasintothesecondbuffer 

cams from the inlet duct 247, the dust occurnng ,w. 
45 2 drawing furnace 11 can further be restrained from 
entering the protecting tube 21. 
ro0701 Though the buffer chambers 41, 241 in tne 
drawino apparatus 1 are constituted by the first buffer 
tZ 42 242?nd the second buffer certs 45, 245 in the 
S0 Sand third embodiments, they are not rested 
thereto and may be configured so as to prov.de three or 

necessary to provide the buffer chambers 41 , 141 , 241 
55 a's long as a gas mixture layer 

tween the muffle tube extension 6 and the protecting 
tube 21 in this case, the drawing furnace 11 (the muffle 
lube extension 16) and the protecting tube 21 are d.s- 
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posed close to each other, for example, such that the 
distance L1 between the drawing furnace 11 (the muffle 
tube extension 16) and the protecting tube 21 is about 
10 mm, whereby the space between the drawing fur- 
nace 11 and the protecting tube 21 becomes a gas mix- 5 
ture layer in which the He gas, which becomes an at- 
mosphere gas within the drawing furnace 1 1 (the muffle 3 
tube 13), and a predetermined gas (air, N 2 gas, or the 
like), which becomes the atmosphere gas within the pro- 
tecting tube 21 , exist in a mixed state, thus attaining a 
state substantially separated from the outside air 
whereby operations and effects similar to those in the 
case provided with the buffer chambers 41 , 1 41 , 241 are 
exhibited. However, the configuration provided with the 
buffer chambers 41, 141, 241 are preferably employed 
in view of the fact that the pressure within the buffer 
chambers 41 , 141 , 241 can be set higher than the out- 
side pressure, whereby the turbulence of outside airflow 
can reliably be made less influential. 
[0072] The present invention is applicable to the 
drawing of not only the optical fiber preform comprising 
a core portion constituted by pure silica glass and a clad- 
ding portion constituted by fluorine-doped glass, but al- 
so a Ge-doped optical fiber preform whose core portion 
is doped with Ge, for example. 2 s 

Industrial Applicability 

[0073] The apparatus and method of making an opti- 
cal fiber in accordance with the present invention are 30 
utilizable in a drawing apparatus for drawing an optical 
fiber from an optical fiber preform, and the like 
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mixture layer from an outside air is provided; 

wherein said barrier is formed with a gas out- 
let for letting out at least said He gas; and 

wherein at least said He gas is let out from 
said gas outlet to said outside air. 

A method of making an optical fiber according to 
claim 2, wherein said barrier is formed with a qas 
inlet; and 

wherein said predetermined gas is introduced 
inside said barrier from said gas inlet. 



Claims 35 

1 . A method of making an optical fiber in which an op- 
tical fiber preform is drawn upon heating; 

said method using a drawing furnace for 
drawing said optical fiber preform upon heating in 40 
an atmosphere comprising an He gas, and using a 
protecting tube, disposed with a predetermined gap 
with respect to said drawing furnace, having there- 
within an atmosphere comprising a predetermined 
gas with a thermal conductivity lower than that of 45 
said He gas; 

wherein said gap between said drawing fur- 
nace and said protecting tube is a gas mixture layer 
m which said He gas and said predetermined gas 
exist in a mixed state; and ~ 50 

wherein said drawn optical fiber enters said 
gas mixture layer at an entrance temperature within 
the range of 1400 to 1 800°C, while said optical fiber 
drawn by said drawing furnace is fed into said pro- 
tecting tube by way of said gas mixture layer. 55 

2. A method of making an optical fiber according to 
claim 1 , wherein a barrier for separating said gas 
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